Abstract: A clear understanding of pedestrian crossing behavior under mixed traffic conditions is needed for providing necessary infrastructure and also for enhancing pedestrian safety at signalized intersections. This paper attempts to analyze the crossing behavior of pedestrians like crossing speed, compliance with signal, and pedestrian-vehicular interaction under mixed traffic conditions and to identify the influencing factors based on statistical tests. 775 pedestrian samples were observed from three signalized intersections in Mumbai. India for analyzing crossing behaviors and the significant factors affecting traffic signal compliance by pedestrians were identified by conducting Pearson's correlation coefficient test, ANOVA test, and Student t test. Factors influencing pedestrian crossing speed had been studied and a design crossing speed had been determined for old and adult pedestrians at O. 95 mls and 1.12 mls respectively. Logistic regression models had been developed in which the odds of pedestrian violation and interactions were modeled and verified. This study can help researthers and practitioners to understand pedestrian crossing behavior at signalized intersections and develop pedestrian delay models under mixed traffic conditions.
Introduction
Traffic research on roadways has always been on vehicles. Concerns for the safety, comfort, and convenience of pedestrian have often come secondly while designing roadways. One of the major reasons is the complexity involved in modeling pedestrian behavior. Complexity arises from multiple parameters which affect the pedestrian crossing behavior and are very difficult to identify. At signalized intersections, pedestri- 
Literature review
Pedestrian behavior analyses have great implications for transportation and urban planning policies and design practices (Laxman et al. 20 III ) . Many of the existing studies have examined only the pedestrian characteristics and pedestrian flow characteristics in sidewalks and walkways (Laxman et al. 2010; Yordphol et al. 1986 ). Very few studies have analyzed pedestrian flow characteristics at signalized intersections for the development of pedestrian models for evaluating walking facilities (Lam et al. 2002; Lipovac et al. 2(13) . Few researches studied pedestrian noncompliance behavior at signalized intersections for the purpose of pedestrian speed flow relationship development (Zhou et al. 2(11) and delay model development (Li et al. 2005; Marisamynathan and Vedagiri 2013 ) . Pedestrian crossing behaviors were examined and factors affecting pedestrian crossing behaviors were identified for the improvement of pedestrian safety at signalized intersections (Lee and Lam 2008; Ren et al. 2(11) . 
Research objectives
The objectives of this study are as follows: (a) Crossing distance is the length of the crosswalk, which was collected by field measurement.
Crossing speed was defined as the crossing distance divided by the crossing time. Mean crossing speed, standard deviation, variance, 15 th, 50th and 85 th percentile speed were calculated by using collected data and shown in Tab. 1. The pedestrian compliance behavior had been determined by direct observation from the field video data. Pedestrians using the crosswalk during pedestrian green phase were considered as compliance pedestrians while those who used crosswalk during non-green phase were considered as noncompliance pedestrians. The percentage of pedestrian compliance was defined as the ratio between the number of pedestrians using the crosswalk during green phase and total number of pe- The statistics from the observed data show that the proportion of male pedestrians is higher than female pedestrians during peak hours and proportion of adult mIs measured in China (Li et al. 2005) , which is also a highly populous region.
The crossing speed variation is defined as the difference between the 85th and 15th percentile speed. A new factor termed as crossing speed deviation factor (CSDF) is established and defined as the ratio of the crossing speed variation and average crossing speed (Rengaraju and Rao 1995) .
CSDF is used for a better understanding about pedestrian crossing speed variations and the effect of pedestrian volume on pedestrian crossing speed. The relationship between pedestrian volume per hour (QPed) and CSDF is stated in Eg. 
Pedestrian vehicular interaction
During pedestrian green phase, pedestrian-vehicle interactions might occur due to driver's noncompliance behavior and the vice-versa occur during the pedestrian non-green phase due to pedestrians' non-compliance behavior.
Pedestrian vehicular interaction was analyzed using 
Logistic regression model
To identify the significant influence factors on pedestrian crossing behavior, a one-way analysis of variance (ANOVA) , Pearson's correlation coefficients, and Student t test were first performed. Further analysis was performed by developing a logistic regression model and odd ratio (OR) was used to describe the effect between two groups. The OR is the ratio of the odds that an event will occur in one group to the odds that an event will occur in another group. Logistic regression measures the relationship between dependent variables and independent variables. The probability of parameter i with choosing behavior c is based on independent variables (Xi) and their relationship is expressed as:
Odds = Ig(Pj/Pj ) c=j,j =O,l,"',C (4) where C is the number of variables considered.
OR value greater than one and coefficient b greater than zero denotes a positive effect whereas OR less than one and coefficient b less than zero denotes the negative effect. The equal effect is represented when OR is equal to one and coefficient b equals zero.
Higher OR value implies more significant effect of the variable.
To understand the significant effects by the variables in the factors affecting pedestrian noncompliance and pedestrian vehicular interaction, logistic regression models were developed and verified by using 
Conclusions
In this paper, crossing behaviors of 775 pedestrians were analyzed at signalized intersections in Mumbai, India. Based on the conducted statistical tests, the significant factors affecting the pedestrian crossing speed variations, compliance behavior, and pedestrianvehicular interactions were identified and tabulated. The major findings of this paper are: pedestrian crossing speed of a male is faster than that of a female.
Pedestrian age and departure signal phase have more significant impact on crossing speed variations. Gender and group size of pedestrians are significant factors affecting the pedestrian compliance behavior. Approaching vehicle type and suitable gap between the pedestrian and the vehicle are identified as the influencing parameters in pedestrian-vehicular interactions.
Logistic regression models were developed with modeling of odds of pedestrian noncompliance, and of interaction. This paper provides an analysis of various pedestrian crossing behaviors at signalized intersections under mixed traffic conditions, and it is helpful to develop pedestrian delay models and pedestrian level of service models at signalized intersections. Pedestrian-vehicular interaction and the influencing factors were analyzed in this paper and could provide some valualble insights for improving pedestrian safety at signalized intersections. This work can further be extended by taking a much larger sample thereby giving better statistics results. Analyzing the pedestrian crossing behavior including pedestrian arrival pattern with influencing parameters would increase the robustness of this work in future.
